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LARGE COLLAPSE MINI-STEERING COLUMN 

TECHNICAL FIELD 

This invention relates to collapsible steering columns 
for vehicles, and in particular to such columns having 
offset shafts which move relative to each other when an 
axial load is imposed and absorb energy through the 
extrusion of metal. 

BACKGROUND ART 

Steering columns are known which collapse to ab 
sorb the energy of an axial load imposed on the steering 
column in the event of a vehicle front end collision. 
conventionally, these steering columns dissipate energy 
through the bending or straightening of metal. For 
instance, deformable metal brackets used to mount the 
steering column within the vehicle help absorb energy. 
A problem with the use of metal mounting brackets is 

that they are heavy, and thus add undesirable weight to 
‘the vehicle. Furthermore, metal mounting brackets are 
cumbersome to work with, and constitute one more 
component which may intrude into the occupant com 
partment of the vehicle if the front end of the vehicle is 
driven back during the collision. 
As an alternative to heavy mounting brackets, several 

designs have been proposed in which energy is ab 
sorbed through friction between concentric sections of 
a telescoping steering shaft during collapse. For exam 
ple, US. Pat. No. 3,394,612 to Bogosoff et al, issued 
July 30, 1968, and US. Pat. No. 3,877,319 to Cooper, 
issued Apr. 15, 1975, both disclose a telescoping steer 
ing shaft in which energy is absorbed by the deforma 
tion of adjacent concentric sections of the steering col 
umn. 

Telescoping designs, however, generally have a 
stroke distance which is limited because the concentric 
shafts must overlap each other for stability during nor 
mal operation. An offset design, in which the steering 
column has two or more shafts which are joined by a 
breakaway coupling, requires less of an overlap. There 
fore, an offset design can maintain a stroke distance 
equal to a telescoping design, while shortening the 
overall length of the steering column. As a result of a 
shortened steering column, the vehicle dash may in 
trude further into the occupant compartment without 
contacting or moving the steering column. Presently, 
however, many offset designs do not employ any means 
of energy absorption beyond the point where the cou» 
pling between the shafts is broken. In alternative de 
signs such as U.S. Pat. No. 4,718,296 to Hyodo, issued 
Jan. 12, 1988, the energy absorbed by the steering col 
umn decreases as the shafts are displaced relative to 
each other. 

SUMMARY OF THE INVENTION 

It would be desirable to have a steering column ar 
rangement which combines an offset steering shaft de 
sign with a method of constant energy absorption 
throughout the displacement of the offset shafts. There 
fore, the present invention provides a novel steering 
column arrangement which is collapsible to absorb the 
energy of an axial load imposed on the steering column 
arrangement which is generated in a front-end collision. 
The steering column arrangement comprises a pair of 
offset shafts, one of which is generally ?xed with re 
spect to the vehicle while the axial load is imposed, and 
the other of which includes drive means in rotational 
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2 
driving engagement with the one shaft for steering the 
vehicle and is moveable with respect to the one shaft in 
response to the imposition of the axial load. The steer 
ing column arrangement also comprises a housing 
which at least partially surrounds the other shaft, one 
end of the housing being generally ?xed with respect to 
the one shaft, and the other end of the housing being 
engaged and extruded by the drive means when the 
drive means moves. The energy of the axial load is 
absorbed when the drive means extrudes through the 
housing. 

Accordingly, it is an object of the invention to pro 
vide an improved collapsible steering column with a 
pair of offset shafts, one of the shafts including a ?rst 
gear and the other shaft including a second gear in 
rotational driving engagement with the ?rst gear to 
transfer rotation between the shafts, the second gear 
extruding through a housing to absorb the energy of an 
axial load imposed on the steering column. 
Another object of the invention is to provide a col 

lapsible steering column with a pair of offset shafts, one 
of the shafts including a ?rst gear and the other shaft 
including a second gear in rotational driving engage 
ment with the ?rst gear to transfer rotation between the 
shafts, the second gear extruding through a housing to 
absorb the energy of an axial load imposed on the steer 
ing column, one of the gears having teeth with a width 
greater than the width of the teeth of the other gear to 
allow the length of the steering column to be adjusted 
according to the driver’s preference. 
Another object of the invention is to provide a col 

lapsible steering column with a pair of offset shafts, one 
of the shafts including a ?rst gear and the other shaft 
including a second gear in rotational driving engage 
ment with the ?rst gear to transfer rotation between the 
shafts, the second gear extruding through a housing to 
absorb the energy of an axial load imposed on the steer 
ing column, the steering column being shorter than 
conventional telescoping steering columns to allow 
greaterdash intrusion without moving the steering col 
umn. ' 

These and other objects, features and advantages of 
the present invention will be more apparent from the 
following description and drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a side view of a collapsible steering column 
according to the present invention showing the location 
the column relative to a vehicle; 
FIG. 2 is a perspective view of the steering column of 

the present invention showing the linkage between the 
column and the steering mechanism of the front wheels 
of vehicle; 
FIG. 3 is a cross-sectional plan view of the steering 

column 0 present invention before collapse; 
FIG. 3A is an enlarged view of the section of FIG. 3 

designated 3A; 
FIG. 4 is a cross-sectional plan view of the steering 

column of the present invention after collapse; 
FIG. 5 is a cross-sectional plan view of an alternative 

embodiment of a steering column according to the pres 
ent invention; 
FIG. 6 schematic view of the steering column of 

FIG. 5; 
FIG. 7 is a cross-sectional view of another alternative 

of a steering column according to the present invention; 
and 
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FIG. 8 is a cross-sectional view taken along line 8-8 
of FIG. 7. ' 

BEST MODE FOR CARRYING OUT THE 

INVENTION 
With reference to the drawings, the preferred em 

bodirnents of the present invention will be described. 
Referring to FIG. 1, a large collapse mini-steering col 
umn arrangement generally designated 10 which is 
collapsible to absorb the energy of an axial load im 
posed on the steering column is mounted under a dash 
board 12 of a vehicle 14, and connected at its upper end 
to a steering wheel 16. 
As shown in FIG. 2, the steering column 10 com 

prises a pair of parallel offset shafts 18 and 20, and a 
housing 22. One of the shafts 18 is generally ?xed with 
respect to the vehicle 14 while the axial load is imposed, 
and is connected by a conventional breakaway coupling 
to an intermediate shaft 24. Intermediate shaft 24 ex 
tends through dash 25 and is in turn connected to a 
mechanism 26 for turning the front wheels 27 of the 
vehicle 14. The other of the shafts 20 includes drive 
means 28 in rotational driving engagement with the one 
shaft 18 for steering the vehicle 14. The other shaft 20 is 
movable with respect to the one shaft 18 in response to 
the imposition of the axial load. The shafts 1B and 20 are 
held in place by conventional means such as supports 30 
and 32. The housing 22 at least partially surrounds the 
other shaft 20. One end 34 of the housing 22 is generally 
?xed with respect to the one shaft 18, and the other end 
36 of the housing 22 is extrudable and engageable by the 
drive means 28 when the drive means 28 moves. 

Referring now to FIG. 3, shaft 18 includes a ?rst gear 
38 and the drive means 28 comprises a second gear 40. 
The gears 38 and 40 are coaxial with the shafts 18 and 
20, respectively, and engage each other to transfer rota 
tion from the other shaft 20 to the one shaft 18. The 
other shaft 20 is mounted within a support housing 42 
which is shearably mounted to the housing 22 by plastic 
shear pins 43. Preferably, the ?rst gear 38 and the sec 
ond gear 40 are spur gears having straight teeth, thus 
allowing unimpeded slippage therebetween in the axial 
direction of shafts 18 and 20. However, alternatively 
toothed gears such as helical gears will also work, ex 
cept that some initial resistance to collapse will exist. 
Because the shafts 18 and 20 overlap each other only to 
the degree necessary for the gears 38 and 40 to engage 
each other, the four inch overlap common in conven 
tional telescoping steering columns is signi?cantly 
shortened. Thus, the length of the steering column 10 of 
the present invention is likewise shortened, and the dash 
25 may intrude further into the occupant compartment 
before contacting the lower end 44 of the one shaft 18. 
FIG. 3A shows an enlarged view of the orientation of 

the second gear 40 and the housing 22. Interference 
shoulder 46 of the housing 22 provides the initial point 
of contact between the second gear 40 and the housing 
22. While the diameter of the gears 38 and 40 and the 
inside diameter of the housing 22 may be varied accord 
ing to design considerations, at least the teeth 48 of the 
second gear 40 must extend so that they will extrude 
through the housing 22 when the other shaft 20 begins 
to move. It is preferred that only the teeth 48 extend 
radially beyond the inside diameter of housing 22 such 
that at least initially the extrusion will be governed by 
the shearing action of the teeth 48 on the housing 22. 
While the housing of a typical vehicular application 
may have an inside diameter of about 1.2-1.5 inches, the 
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4 
extent to which the teeth 48 of the second gear 40 ex 
tend past the inside diameter of the housing 22 is depen 
dent on the overall diameter chosen for the gear 40, the 
extrudabilityof the material from which the housing 22 
is made, and the cross-sectional area and number of gear 
teeth 48. The cross-sectional area of an individual gear 
tooth which will extrude through the housing 22 is a 
function of the height and pitch angle of the tooth. 

FIG. 4 shows the steering column 10 fully collapsed 
or stroked. Should the vehicle be involved in a frontal 
collision, inertia may carry the occupant forward into 
the steering wheel 16 and impose an axial load on the 
steering column 10. The steering column 10 collapses if 
this axial load exceeds a predetermined limit. 

In response to the imposition of an axial load above 
the predetermined limit, the other shaft 20 moves axi 
ally forward relative to the one shaft 18, breaking shear 
pins 43. Second gear 40 thus slides out of engagement 
with the ?rst gear 38 and absorbs the energy of the axial 
load when the teeth 48 of the second gear 40 traverse 
and extrude through the housing 22. The one shaft 18 is 
not affected while the axial load is imposed on the steer 
ing column, and therefore remains ?xed to bearings 50 
and 52 on the supports 30 and 32, respectively. Because 
the shafts 18 and 20 lie along separate longitudinal axes, 
they do not interfere with each other when the column 
10 collapses. By being appropriately sized in a manner 
which will be apparent to any design engineer of ordi 
nary skill, the housing 22 will retain its overall shape 
and will be deformed only at the inside diameter by the 
displacement of metal in front of the second gear 40. 
The column 10 provides a total stroke distance in the 
range of 100-200 millimeters. The column collapses in a 
square wave load pattern, i.e. resistance to the collapse 
is substantially constant as the shafts 18 and 20 move 
relative to each other. 
FIG. 5 shows an alternative preferred embodiment of 

the steering column arrangement 10 wherein the teeth 
48 of the ?rst gear 38 have a longitudinal dimension or 
width greater than the width of the teeth of the second 
gear 40. Because there is some clearance between the 
second gear 40 and the shoulder 46, the second gear 40 
may slide on and relative to the ?rst gear 38 a distance 
equal to the difference in widths of the gear teeth with 
out abutting the shoulder 46 or extruding through the 
housing 22. The overall length of the steering column 
10 is thus adjustable, i.e. the other shaft 20 can be moved 
a limited distance relative to the one shaft 18, according 
to driver preference. This distance is about plus or 
minus one inch from the middle position shown in FIG. 
5. The shafts 18 and 20 are selectively secured relative 
to each other by a conventional manually adjustable 
friction lock mechanism 41 such as shown in US. Pat. 
No. 4,273,005, the teachings of which are incorporated 
herein by reference. The friction lock mechanism 41 
offers no substantial resistance to the collapse of the 
column. The teeth of the second gear 40 could alterna 
tively be wider than the teeth of ?rst gear 38, however 
the range of travel of the other shaft 20 would be more 
limited because the wider second gear 40 would more 
quickly abut shoulder 46. 

FIG. 6 schematically shows how the front wheels 27 
turn in response to rotation of the steering wheel 16. 
When the steering wheel 16 is turned clockwise in the 
direction of the arrow R, the other shaft 20 and the 
second gear 40 likewise turn in a clockwise direction. 
This imparts a counterclockwise rotation to the ?rst 
gear 38, the one shaft 18, and subsequently in a lower 
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pinion gear 54 which lies below a rack 56. When rotated 
in the counterclockwise direction, the lower pinion gear 
54 shifts the rack 50 to the left (the downward direction 
in FIG. 6), and thereby moves the front wheels 27 to the 
position shown in phantom and designated with the 
letter R. When the steering wheel is turned counter 
clockwise in the direction of arrow L, the rotation of 
the relevant components is reversed. Thus, the front 
wheels 27 of the vehicle turn in the direction of the 
steering wheel 16. 

In those vehicles designed with the lower pinion gear 
54 placed on top of the rack 56, a pinion shaft 58 is 
necessary to reverse the rotation of the one shaft 18 so 
that it rotates in the same direction as the other shaft 20, 
and the front wheels 27 turn in the same direction as the 
steering wheel 16. FIGS. 7 and 8 show the pinion shaft 
58 located between and engaging ?rst gear 38 and sec 
ond gear 40. As shown schematically in FIG. 8, the 
pinion shaft 58 operates to rotate the one shaft 18 in the 
same direction as the other shaft 20. The diameters of 
?rst gear 38, second gear 40, and pinion shaft 58 can be 
varied, but it is preferable that the distance D between 
the centerlines of the ?rst gear 38 and the second gear 
40 be kept constant. This allows a common housing to 
enclose either a pinioned or non-pinioned steering col 
umn arrangement. For example, the rotational direc 
tional of gear 38 can be reversed without increasing the 
distance between the centerlines of gears 38 and 40 
simply by using a smaller diameter ?rst gear 38 and 
adding pinion shaft 58. 

Finally, it should be noted that housing 22 is prefera 
bly made of any metal with the structural integrity to 
support the steering column arrangement 10, but which 
is soft enough to allow the extrusion therethrough of 
the second gear 40. Two metals which may be used are 
aluminum and magnesium. 

It should be understood, of course, that while the 
forms of the invention herein shown and described 
constitute preferred embodiments of the invention, they 
are not intended to illustrate all possible forms thereof. 
It should also be understood that‘the words used are 
words of description rather than limitation and various 
changes may be made without departing from the spirit 
and scope of the invention disclosed. 

I claim: 
1. A steering column arrangement for a vehicle and 

collapsible to absorb the energy of an axial load im 
posed on the steering column arrangement, the arrange 
ment comprising: 

a pair of offset shafts, one of the shafts being generally 
?xed with respect to the vehicle while the axial 
load is imposed, and the other of the shafts includ 
ing drive means in rotational driving engagement 
with the one shaft for steering the vehicle and 
being moveable with respect to the one shaft in 
response to the imposition of the axial load; and 

a housing which at least partially surrounds the other 
shaft, one end of the housing being generally ?xed 
with respect to the one shaft, and the other end of 
the housing being engageable and extrudable by 
the drive means when the drive means moves, 

the drive means extruding through the housing 
whereby to absorb the energy of the axial load. 

2. The steering column arrangement of claim 1 
wherein the one shaft includes a ?rst gear and the drive 
means comprises a second gear in rotational driving 
engagement with the ?rst gear, the gears engaging each 
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6 
other to transfer rotation of the other shaft to the one 
shaft. 

3. The steering column arrangement of claim 2 
wherein the ?rst gear is coaxial with the one shaft, and 
the second gear is coaxial with the other shaft. 

4. The steering column arrangement of claim 3 
wherein the one shaft and the other shaft are parallel to 
each other. 

5. The steering column arrangement of claim 2 
wherein the ?rst gear and the second gear are spur 
gears. 

6. The steering column arrangement of claim 5 
wherein the second' gear includes teeth extrudable 
through the housing to absorb the energy of the axial 
load. 

7. The steering column arrangement of claim 2 
wherein the teeth of one of the ?rst or second gears are 
wider than the teeth of the other gear to allow the one 
gear to slide on and relative to the other gear a distance 
equal to the difference in widths of the gear teeth and 
thereby adjust the overall length of the steering column 
arrangement. 

8. The steering column arrangement of claim 7 fur 
ther comprising means for selectively securing the gears 
in position relative to each other. 

9. The steering column arrangement of claim 2 fur 
ther comprising means for reversing the rotation of the 
one shaft so that it rotates in the same direction as the 
other shaft. 

10. The steering column arrangement of claim 9 
wherein the means for reversing the rotation of the one 
shaft comprises a pinion shaft located between and en 
gaging the ?rst and second gears. 

11. The steering column arrangement of claim 1 
wherein the housing is made of aluminum. 

12. The steering column arrangement of claim 1 
wherein the housing is made of magnesium. 

13. A steering column arrangement for a vehicle and 
collapsible to absorb the energy of an axial load im 
posed on the steering column arrangement, the arrange 
ment comprising: . . 

a pair of offset shafts, one of the shafts being generally 
?xed with respect to the vehicle while the axial 
load is imposed and including a ?rst spur gear co 
axial with the one shaft, and the other of the shafts 
including a second spur gear coaxial with the other 
shaft and in driving engagement with the ?rst spur 
gear, the spur gears engaging each other to transfer 
rotation of the other shaft to the one shaft for steer 
ing the vehicle, the other shaft being moveable 
with respect to the one shaft in response to the 
imposition of the axial load; and 

an aluminum housing which at least partially sur 
rounds the other shaft, one end of the housing 
being generally ?xed with respect to the one shaft, 
and the other end of the housing being extrudable 
and engageable by the second spur gear when the 
other shaft moves, 

the second spur gear extruding through the housing 
whereby to absorb the energy of the axial load. 

14. A steering column arrangement for a vehicle and 
collapsible to absorb the energy of an axial load im 
posed on the steering column arrangement, the arrange 
ment comprising: 

a pair of offset shafts, one of the shafts being generally 
?xed with respect to the vehicle while the axial 
load is imposed, and the other of the shafts includ 
ing drive means in driving engagement with the 
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one shaft for steering the vehicle and being axially the housing being engageable and extrudable by 
moveable with respect to the one shaft in response the drive means when the drive means moves axi 
to the imposition of the axial load; and ally forward relative to the one shaft whereby the 

a housing which at least partially surrounds the other energy of the axial load is absorbed as the drive 
shaft, one end of the housing being generally ?xed 5 means traverses and extrudes through the housing. 
with respect to the one shaft, and the other end of * * * * * 
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